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A radiation evaluation was performed on A1020B (Gate Array) to determine the total dose tolerance of these

parts. A brief summary of the test results is provided below. For detailed information, refer to Tables I-
IV and Figures 1-3.

The total dose testing was performed using a Cobalt-60 gamma ray source. During the radiation testing, four
parts were irradiated under bias (see Figure 1 for bias configuration), and two parts wWere used as control
samples. The total dose radiation levels were 2.5, 5, 7.5, 10, 15, 20, 30 and 50 krads*, After the 50 krad
irradiation, parts were annealed at 25°C for 24, 192 and 264 hours (cumulative)w®, Following these
annealing steps, the parts were irradiated to 75 krads (cumulative). After this irradiation step, the parts
were annealed at 25°C for 168 hours. The parts were then irradiated to 100 krads {cumulative) and then
annealed at 25°C for 168 hours. Following this annealing step, the parts were irradiated te 107, 125, 150
and 200 krads. Finally, the parts were annealed at 25°C for 168 hours and at 100°C for 168 hours.

The dose rate was between 0.13 and 0.50 krads/hour, depending on the total dose level (see Table 11 for
radiation schedule}. After each radiation exposure and snnealing treatment, parts were electrically tested
according to the test conditions and the specification Limits listed in Table [I1. The electrical tests

inctuded 6 functional tests, three at 1 MHz, with Vec = 4.5, 5.0 and 5.5 V, and three at 5 MHz, with Vec =
4.5, 5.0 and 5.5 V.

All parts passed initial electrical measurements. All irradiated parts passed all functional tests
throughout all irradiation steps up to and including the 75 krad level. At the 100 krad level, S/N's 3, &
and 6 failed functional tests #'s 1 and 4, both of which are at Ve = 4.5 Vv, and S/N 5 failed functional
tests #s 1, 4 and 5, which is at Vee = 5.0 V. After annealing for 148 hours at 25°C, all four irradiated

parts passed all functiocnal tests and continued te pass all functional tests throughout all remaining
irradiation steps up to 200 krads.

All irradiated parts passed all parametric (DC and AC) tests up to and including the 30 krad level. At the
50 krad level, all four irradiated parts exceeded the maximum specification limit of 25 mA for ICCH and
ICCL. ICCH ard ICCL failures continued to be cbserved throughout almost all of the subsequent irradiation
and annealing steps. For details of the ICCH and ICCL failures, see Figures 2 and 3. Iln most cases, the
parts showed significant decrease in ICCH and ICCL on annhealing at 25°C.

*The term rads, as used in this document, means rads¢silicon}. All radiation levels cited are cumulative.

**Times for conmsecutive annealing steps are cumulative; however, non-consecutive annealing times after
different irradiation steps are not added together.
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After anpealing for 168 hours at 100°C after the 200 krad irradiation, no rebound effects were ohserved.
Table IV provides the values for each parameter after different irradiation exposures and anmealing steps,

Any further details about this evaluation can be obtained upon reguest.

If you have any guestions, please
call me at (301) 731-B954.



ADVISORY ON THE USE OF THIS DOCUMENT

The information contained in this document has been developed solely for the purpose of providing general
guidance to employees of the Goddard $pace Fiight Center {GSFC). This document may be distributed outside
GSFC only as a courtesy to other government agencies and contractors. Any distribution of this document, or

application or use of the information contained herein, is expressly conditional upon, and is subject to,
the following understandings and limitations:

(a} The information was developed for general guidance only and is subject to change at any time;

()  The information was developed under unique GSFC laboratory conditions which may differ substantially
from outside conditions;

{c) GSFC does not warrant the accuracy of the information when applied or used under other than unique GSFC
laboratory conditions;

(d} The informatien should not be construed as a representation of product performance by either GSFC or
the manufacturer;

(e) Neither the United States government nor any person acting on behaif of the United States government
assumes any liability resulting from the application or use of the information.



TABLE 1.

Generie Part Number:

GPEP/PPL
Fart Humber;

15TR/S0OHO/CELIAS
Control Number:

Charge Number:

Manufacturer:

Lot Date Code:

OQuantity Tested:

Serial Number of
Control Samples:

Scerial Numbers of

Radiation Samples:

Part Function:

Part Technology:

Package Style:

Test Equipment:

Test Engineer;
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Part Information

A10208

£1020B/PGB4B*

4989

C45256

Actel

9315

3, 4,5, 6

Gate Array

CMOS

84-pin CPGA

§-50

A. Karygiannis

* No radiation tolerances/hardness was guaranteed by the manufacturer for this part.



TABLE II.

EVENTS
1) INITIAL ELECTRICAL MEASUREMENTS

2) 2.5 KRAD [RRADIATION (0.13 KRADS/HOUR)
POST-2.5 KRAD ELECTRICAL MEASUREMENT

3) 5 KRAD IRRADIATION (0.13 KRADS/HOUR)
POST-5 KRAD ELECTRICAL MEASUREMENT

43} 7.5 XRAD IRRADIATION (0.13 KRADS/HOUR}
POST-7.5 KRAD ELECTRICAL MEASUREMENT

5) 10 KRAD IRRADIATION (0.13 KRADS/HCUR)
POST-10 KRAD ELECTRICAL MEASUREMENT

6) 15 KRAD IRRADIATION (0.30 KRADS/HOUR)
POST-15 KRAD ELECTRICAL MEASUREMENT

73 20 KRAD TRRADIATION (0.26 KRADS/HOUR)
POST-20 KRAD ELECTRICAL MEASUREMENT

8) 30 KRAD IRRADIATION (0.50 KRADS/HGUR)
POST-30 KRAD ELECTRICAL MEASLIREMENT

93 50 KRAD IRRADIATION (D.30 KRADS/HCUR)
POST-50 KRAD ELECTRICAL MEASUREMENT

10) 24-HOUR ANNEALING R25°C
POST-24 HOUR ANNEAL ELECTRICAL MEASUREMENT

11) 192-HOUR ANNEALING 225°C
POST-192 HOUR ANNEAL ELECTRICAL MEASUREMENT

12) 264-HOUR ANNEALING @25°C
POST-264 HOUR ANNEAL ELECTRICAL MEASUREMENT

13) 75 KRAD IRRADIATION (0.37 KRADS/HOUR}
POST-75 KRAD ELECTRICAL MEASUREMENT

14) 168-HOUR ANNEALING 825°C
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT

15) 100 KRAD IRRADIATION (0.15 KRADS/HOUR}
POST-100 KRAD ELECTRICAL MEASUREMENT

163 168-HOUR ANNEALIRG @25°C
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT

Radiation Schedule for A10208

DATE

11703793

11703793
11704793

11/04/93
11/12/93

11/12/93
11/15/93

11/15/93
11/16/93

11716493
11/17/93

1/17/93
11/18/93

11/18/93
11719493

11719493
11722793

11/22/93
11723794

11/23/93
11/30/94

11730493
12/03/94

12/03/93
12/06/93

12/06/93
12/12/94

12713793
12720493

12/20/93
12/28/94



TABLE II. Radiation Schedule for A1020B {cont.)

17) 107 KRAD IRRADIATION {0.15 KRADS/HOUR)
POST-107 KRAD ELECTRICAL MEASUREMENT

18) 125 KRAD IRRADIATION (0.26 KRADS/HOURY
POST-125 KRAD ELECTRICAL MEASUREMENT

19) 150 KRAD IRRADIATION (0.35 KRADS/HOUR)
POST-150 KRAD ELECTRICAL MEASUREMENT

203 200 KRAD IRRADIATION (0.15 KRADS/HOUR}
POST-200 KRAD ELECTRICAL MEASUREMENT

213 168-HOUR ANNEALING 225°C
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT

223 168-HOUR AMKEALING R100°C**
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT

PARTS WERE I[RRADIATED AND ANNEALED UNDER BIAS; SEE FIGURE 1.

12/28/93
01703794

01703794
01/06/%4

01707494
01/10/94

01/11/%4
02709754

02709494
02717794

02/18/94
03/11/%4

*ligh temperature annealing is performed to accelerate long term time dependent effects (TDE), namely, the

"rebound” effect due to the growth of interface states after the radiation eXpOSUre.
on the need to perform this test, refer to MIL-STD-BB3D, Method 1019, Para. 3.10.1.
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Table III. Electrical Characteristics of A10208
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PARAMETER ~ VCC VIL  VIH  CONDITIONS PINS  LIMITS AT 3 TEMPS
FUNCT 1 4e5V 0.0V 4.5V FREQ=1.G00MHz ALL I/0 VOL<2.25V , VOH>2.25V
FONCT 2 SeDV 0.0V 5.0V FREQ=1.000MHz ALL 170 VOL<2.50V » VOH>Z2.50V
FONCT 3 5.5V 0.0V 5.5V EREQ=1.000MHz ALL I/0 VOL<2.75V » VOH>2.75V
FUNET & 6.3V QiQv I3V ERE1=51000HHZ ALL 1/0 VOL<2.28V 5 VOH>2. 25V
FUNCT 5 5.0V 0.0V 5.0V FREQ=3.000MHz ALL I/d VOU<2.50V , VOH>2.50V
FUNCT & 5.5V 0.0V 5.5V FREG=5.000MHz ALL 1/0 VOL<2.75V » VOH>2.75V
DC PARAMETRIC TESTS PERFORMED
PARAMETER VCC  VIL VId  CONDITIONS  PINS  LIMITS AT 3 TEMPS
vaH 4.5V D400V 4.50V LDAD= -3.2mA  QUTS >+3,70V , <+4,50V
VOL 4.5V 0.00V 4.50V LOAD= +4.0mA  QUTS >+0.00V , <+0.40V
IIH 3:3¥ 0100V 515V VIN = 5.3V INS 2-10ua” 7 <+1dua
IIL 5.5V 000V 5.5V VIN = 0.0V INS >-10uA - <+10uA
-10s 525V 2200V 5.5V VOUT= 0.0V INS 5-100mA » <-10maA
1CCH 525V 0.0V 5.5V VOUT= 5.5V vee 540.0mA 5 <+25mA
1¢CL 5.5V 0.0V 5.5V VOUT= D.Ov vEE >+0.0mA » <+25ma
AC PARAMETRIC TESTS PERFORMED
PARAMETER VCC  VIL VIH CONDITIONS PINS LIMITS AT +25C ONLY
TPLH 5.0V 0.00V 5.0V VTEST= 2.0V JUTS  >+0.0NS , <+100NS
TPHL 5.0V 0.00V 5.00V VTEST= 2.0V 0073 S¢0.0ONS » <+100NS
TTLA 5.0V 0.00V 5.00V VTEST= 2.0V auTS >+0.0NS » <+250NS
TTHL 5.0V 0.00V 5.)0V VYEST= 2.0V GUTS S+D.0ONS , <+250NS

e A A S R N A . R N R N R A S S S ke e o m T e e R W M e A e A e

The Vih and Vil parameters were recorded on a shmoo plot with a
power supply range of 4.5V to 5.5V, Several iterations of the
functional tests are executed while gradually increasing Vil
until a functional failure is flagged, and decreasing Vih until a
functional failure occurs. Vil tracks VCC while the Vil test is
being performed, while Vil is 0.0V when the Vih test is being
performed. The shmoo plots of Vil and Vih show the input
conditions under which the device will operate properly over the
power supply cperating range.

The setup time shmoo plot shows how much time before the rising

edge of the clock that the data must be present in order for it

to be latched properly. This test is also performed GO/NOGO by

performing several iterations of the functional tests and

plotting the passing and failing setup times.
_7...




TABLE IV: Summary of Electrical Measurements after
Total Dose Exposures and Annealing for A1020B/1

Total Dose Exposure (TDE) (krads)

Spec., Initials 2.5 5 7.5 10 15 20 30
Lim. /2 -55¢°C 25°C 125¢°C

Parameters min max {mean]| sd mean | sd |mean| sd |mean| sd |mean| sd |mean| sd |[mean| sdé |mean| sd

VOH V|3.7]4.5 fa-2 i .01 fo

VOL mv Q 400 1.7 1.5 .

IIH pa& | ~106 10 o] 0 a

IIL ua | -10 10 o] 0 a

-1085 mi | -100| -10 0.8 66 .63

ICCL ma o] 25 .12 .2 4.2

ICCH ma o] 25 .12 1.¢€ 3.7

TPLH ns a 100 2.1 13 11

TPHL ns 0 100 1.7 7.9 5.9

TTLH ns 8] 250 .44 1.3 1.4

TTHL ns ] 250 .19 1.5 8.1

FUNC1, 1IMHz, 4.5V/3

FUNC2, 1MHz, 5.0V/3

FUNC3, 1MHz, 5.5V/3

FUNC4, SMHz, 4.5V/3

FUNC5, 5MHz, 5.0V/3

FUNCE, SMHz, 5.5V/3 |

1/The mean and standard deviation values were czlculated over the four parts irradiated in this
testing. The contrcl samples remained constant throughout the testing and are not included

in this table. Initial readings were taken at three temperatures, -55°C, +25°C and +~100°C. Subsequent
readings were taken only at +25°C.

2/These are manufacturers’ non-irradiated data sheet specification limits.
provided by the manufacturer at the time the tests were performed.
3/"PASS" in this column means that the part passed all tests in this series. "FAIL" means that
failed all tests in the series. "nPmF" means that the part passed n tests and failed m tests in the series.

Data for individual tests in each series are available on request.

No post-irradiation limits were

the part




TABLE IV (cont.): Summary of Electrical Measurements after
Total Dose Exposures and Annealing for A1020B/1

TDE Annealing TDE Annealing TDE annealing

Spec, 50 24 hrs {192 hrs |264 hrs 75 168 hrs 100 168 hrs
Lim./2 krads @25°C @25°(¢ @25°C krads @25°C krads @25°C

Parameters min max |mean| sd |mean| sd |mean| sd {mean| sd |mean| sd |mean| sd |[mean| sd |mean| sd

VOH V|3.7]4.5 .01 0 ¥ .01 2.1

VoL mv Q 400 2.3 1.8 1.8 2.3 2358

1IH ua -1¢ 10 .04 .02 .02 .04 .11

IIL nA -1G 10 .01 0 .01 .03

-I0S m& | -1007 -10 L4 67 .BE .73 5.8

ICCL ma ol 25 17 9 8.3 12 B

ICCH mi 0 25 15 . 8.2 11 5.8

TPLH ns 8] 100 13 13 11 14 la

TPHL ns o 100 5.2 8 4.7 9.5 14

TTLH ns o] 280 1.5 1.4 1.4 1.5 1.4

TTHL ns 0 250 1.5 10 10 1.4 6.

FUNC1, 1MHz, 4.5V/3

FUNC2, 1MHz, 5.0V/3

FUNC3, 1MHz, 5.5V/3

FUNC4, GSMHz, 4.5V/3

FUNC5, 5MHz, 5.0V/3

FUNC6, SMHz, 5.5V/3 ;

ir this

1/The mean and standard deviation values were caiculated over the four'parts irradiated

The control samples remained constant throughout the testing and are not included

testing.
-§5590, +25°C and +100°C. &ubseguent

in this table. Initial readings were taken at three temperatures,

readings were taken only at +25°C.
2/These are manufacturers’ non-irradiated data sheet specification limits. No post-ilrradiaticon limits were

provided by the manufacturer at the time the tests were performed.
3/"PASS" in this column means that the part passed all tests in this series. "FRIL" means that the part
failed all tests in the series. "nPmF" means that the part passed n tests and failed m tests in the series.

Data for individual tests in each series are availlable on reguest.



TABLE IV (cont.): Summary of Electrical Measurements after
Total Dose Exposures and Annealing for A1020B/1

TDE TDE annealing (Annealing

Spec. 150 200 168 hrs|i68 hrs
Lim. /2 krads krads @25°C @ipgec

Parameters min max sd zd |mean;i sd |mean| sd

VOH VI|3i.77]4.5 i .01 .02 f .02 [digy

VOL mv 0 400 4.8 4.5

IIH RA { -10 | 10 .41 .43

IIL na [ -10 | 10 .18 .18

-108 mA | -100| -10 .81 4.9

ICCL mA ] 25 5 5

ICCH mi ] 25 4 4.4

TPLH ns 0 100 15 158

TPHL ns 0 100 12 12

TTLH ns 0 250 1.7 1.9

TTHL s 0 250 11 11

FUNC1, 1MHz, 4.5V/3

FUNC2, 1MHz, 5.0V/3

FUNC3, 1MHz, 5.5v/3

FUNC4, 5SMHz, 4.5v/3

FUNCS, SMHz, 5.0V/3 :

FUNC6, 5MHz, 5.5V/3 |

1/The mean and standard deviation values were calculaued over the four parts irradiated in this

The control gsamples remained constant throughout the testing and are not included

testing.
+259C and +100°C. Subseqguent

in this table. Initial readings were taken at three temperatures, -55°C,
readings were taken only at +25°C.
2/These are manufacturers’ non-irradiated data sheet specification limits.

provided by the manufacturer at the time the tests were performed.
3/"PASS" in this column means that the part passed all tests in this geries. "FAIL" means that the part

failed all tests in the series. "nPmF" means that the part passed n tests and failed m tests in the series.
Data for individual tests in each series are availlable on request.

No pos:i-irradiation limits were



Figure 1.

Signal Location|Burn-In Board
PRA Al1 GND
PRE BR10 GND
MODE E11 GND
SDI B11l VCC
DCLK Ci0 VCe
CLK Fo GND
INX1 L6 Hele
TNX2 G11 vCC
IN1A J11 GND
IN2A H10 GND
IN AND3 L4 \Hele
IN AND4 K9 GND
IN OR3 Fl1 vee
IN OR4 D11 GND
IN NAND4 L5 \ele
IN NOR4 G3 GND
DA H2 \ele:
RESET _ K3 GND
ENCNTR C6 \ele!
CNTRLD _ B4 GND
RESETCENTR |A7 GND
CLOCK F9 GND
QUTX1 R10 vee/2
OUTX2 K11l VCC/2
oUTA K10 vce/2
O AND3 J5 vee/2
O AND4 G9 vCC/2
O_OR3 L1l vCC/2
O _OR4 D10 VCC/2
O_NAND4 K& VCC/2
O NOR4 Gl veo/2
QAO L1 vCe/2
QA1 K1 veo/2
QA2 L2 vVCC/2
YO11 A3 VCC/2
Y010 A4 vCC/2
Y09 B3 vee/2
YO8 A2 vCC/2
Y07 C7 vCC/2
Y06 A6 veo/2
YO5 AS vCe/2
YO4 C5 vCce/2
YO3 B6 vCe/2
YO2 A9 vVCC/2
YO1 A8 vCe/2
YOO B8 VCC/2

vCC: K2, BS5, F1, G2, K7, E9, E10
GND: B7, E2, E3, K5, F10, E11
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Radiation Bias Circuit for A1020R

NOTES :
VCC = 5.0 V, +/- 0.5 V
VCC/2 = 2.5V +/- 0.25 V

All ocutputs through 2.2
kchm +/- 10% 1/4 W
resistors to VCC/2

Inputs connected to VCC
through 2.2 kohm resistor

Inputs connected to GND do
not require resistors

(NC RESISTOR)
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KCH {ma)

ICCE {mA}

FIGURE 2.
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FIGURE 3. A1020B ICCL Change with Radiation and Annealing
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A10208B ICCH Change with Radiation and Annealing
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Radiation (KRads) / Annealing Time {Hours)
-4 SN 3 & SN 4 *

SN 5

15 20 30 50 24H 192H264H 75 168H 100 16BH 107 125 150 200 1B8H! 6BH*

* Anneal @ +100°C
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Limit < 25mA

T
T

L T T T

T T

1

SH 6

10 15 20 30 50 24H 192H264H 75 16BH 100 1684 107 125 150 200 1BEBH 68H*

Radiation (KRads) / Annealing Time (Hours)
5N 3 & SH 4 ¢
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* Anneal @ +100°C
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s



